Individual tHcy concentrations depend on non-communicable factors such as age and gender, showing higher levels in males than females and in older than in younger populations (8, 9) . In addition, the common C677T polymorphism of the 5,10-methylenetetrahydrofolate reductase (MTHFR) gene, which regulates folate metabolism involved in folate-dependent remethyl ation of Hcy, has been established as an important genetic determinant of elevated Hcy (10, 11) .
Lifestyle factors such as excessive alcohol intake, smoking, extenuating physical activity, and hyper-energetic nutrition resulting in obesity as well as folate and vitamin B 12 defi ciencies, can increase tHcy above adequate concentrations (12) (13) (14) .
Although it is well established that physical activity (PA) is a key component of good health and disease prevention both in adults (15) and in children and adolescents (16, 17) , there have been contradictory reports regarding its effects on plasma Hcy, without the type of exercise or intensity to cause changes in tHcy being well defi ned (18, 19) . However, PA of moderate and high intensities (Ͼ758 min per week) could increase tHcy concentrations due to elevated vitamin requirements (20) . These divergences could be due to the different techniques used for evaluation of PA, including self-reported questionnaires, the lack of consideration of intensity or duration of PA, limited statistical power with small sample size, and no adjustment for the potential confounders (4) .
Studies examining the possible interplay among PA, cardiovascular fi tness (CVF) and fatness with tHcy concentrations in childhood and adolescence are not clear. In a small sample of Spanish adolescents from the AVENA study (Alimentación y Valoración del Estado Nutricional de los Adolescentes) an inverse association between tHcy and CVF was observed in females (21) . In contrast, results from the Swedish part of the European Youth Heart Study (EYHS) did not support these previous fi ndings (22) . Thus, the purpose of this study was to examine the association of tHcy concentrations with objectively assessed PA, CVF and fatness after controlling for potential confounders in a large sample of European adolescents.
PARTICIPANTS AND METHODS
Participants, recruitment and study design. The HEL-ENA-CSS study (HEalthy Lifestyle in Europe by Nutrition in Adolescence) was a multi-centre cross-sectional study aiming to obtain reliable and comparable data from a random sample of 3,528 European adolescents of 10 different cities aged between 12.5 and 17.5 y on a broad battery of nutrition and health-related parameters (23, 24) . Selection of cities was based on two criteria: regional distribution and presence of an active research group assuring suffi cient expertise and resources to successfully perform epidemiological studies. Within the study, Stockholm (Sweden) represented Northern Europe, Athens and Heraklion (Greece), Rome (Italy) and Zaragoza (Spain) Southern Europe, Pécs (Hungary) Eastern Europe, Gent (Belgium) and Lille (France) Western Europe, and Dortmund (Germany) and Vienna (Austria) Central Europe. Reliable and objective data concerning age and gender were obtained by analysing complete school classes. On the city level, diversity of the sample with respect to cultural and socioeconomic aspects was achieved by performing a random proportional distribution of all schools taking into account the site of the school (district/zone of the city) and the type of school (public or private). One partner (Gent) centrally performed for all study centres the school and class random selection procedure, including the subset of classes for blood sampling. In case a selected school refused its participation, a school with comparable characteristics from a list of substitutes was chosen. The sample size of 3,528 adolescents was estimated using body mass index (BMI; confi dence level of 95%, and aϮ0.3 error). One-third of the classes was randomly selected for blood collection, resulting in a total of 1,089 (53% females) blood samples for the subsequent clinical biochemistry assays. Sixty-three per cent of the total sample (nϭ3,528) had valid data on cardiorespiratory fi tness and physical activity, resulting in a fi nal sample of 2,213 adolescents (53.8% females), for whom blood analyses were available for 713 (55.3% females).
Exclusion criteria were limited to subjects who were not able to speak the local language, subjects participating simultaneously in another clinical trial, subjects aged Ͻ12.5 or Ͼ17.5 y and subjects having suffered from acute infection 1 wk before the visit. Exclusions from the study were done a posteriori, without the knowledge of the affected subjects, in order to avoid non-desired situations. All protocols and informed consents for this study were reviewed and approved by an Ethics Review Committee in each country according to the Declaration of Helsinki 1964 (revision of Edinburgh 2000), Convention of Oviedo (1997), the Good Clinical Practice, and the legislation about clinical research in humans in each of the participating countries. Informed written consent was obtained from subjects and parents or guardians. A complete description of ethical issues and good clinical practice within the HELENA-CSS is provided elsewhere (25) .
Prior to the start of the HELENA-CSS all methods were tested in a pilot study to assure an optimal sampling procedure and to optimise transport logistics and analytics.
Medical examination and blood sampling. Prior to the study day, participants were asked to abstain from eating and drinking after 8 p.m. On the study day, a medical doctor visited the school classes and asked all participants for medical history and acute diseases. A blood sampling questionnaire was used to assess fasting status, acute infections, allergies, smoking, vitamin and mineral supplements, and medication. Maturity was assessed by means of Tanner stage (26) . Medical data and all information were recorded in a case report form for each participant.
Blood sampling generally took place between 8 and 10 a.m. Approximately 30 mL of blood was collected from an antecubital vein in serum and heparin monovettes ® (Sarstedt AG & Co., Nümbrecht, Germany). Then, breakfast was offered to all participants.
Sample pre-treatment and transport. The blood sampling procedure within the HELENA-CSS was described in detail by Gonzalez-Gross et al. (27) . Briefl y, serum gel tubes were centrifuged at 3,500 revolutions per minute (rpm) for 10 min within 1 h after blood drawing for measuring creatinine. For the measurement of folate, cobalamin, and tHcy heparin gel tubes were immediately placed on ice and centrifuged at 3,500 rpm for 10 min within 30 min after blood drawing. Within 24 h the supernatant of heparin was transported at a stable temperature of 4-7˚C while serum was transported at room temperature to the central laboratory in Bonn. All samples were stored at Ϫ80˚C until withdrawn for bunched analyses.
Biochemical and genetic analyses. The biochemical analyses of folate, cobalamin, and tHcy were done with the use of Immulite 2000 (DPC Biermann GmbH, Bad Nauheim, Germany). The intra-and interassay coefficients of variation were 5.4% and 8.1% for folate, 5.0% and 12.7% for cobalamin, and 7.1% and 10.7% for tHcy. Creatinine was measured on the Dimension RxL clinical chemistry system (Dade Behring, Schwalbach, Germany) with enzymatic methods using the manufacturer's reagents and instructions. The intraassay coeffi cient of variation of the creatinine assay was 3.4%, while the interassay coeffi cient was 5.8%. The DNA was extracted from white blood cells with the Puregene kit (QIAGEN, Courtaboeuf, France). The SNP MTHFR 677C/T was genotyped by Illumina (Eindhoven, Netherlands) with Golden Gate assay with a 100% success rate. The genotype distribution of the polymorphism respected the Hardy-Weinberg equilibrium (pϭ0.17) in the sample.
Physical activity. A uni-axial accelerometer (Actigraph TM GT1M, Pensacola, FL) was used to assess PA. Adolescents were instructed to place the monitor underneath the clothing, at their lower back, using an elastic waist band and to wear it for 7 consecutive days. They were also instructed to wear the accelerometer at all times except during water-based activities and periods of sleep. At least 3 d of recording with a minimum of 8 h registration per day was set as an inclusion criterion; the time-sampling interval (epoch) was 15 s. A measure of total volume of activity was expressed as the sum of recorded counts per epoch divided by the total daily registered time in minutes. The time engaged in moderate PA and vigorous PA was calculated and presented as the average time per day during the entire recording. The time engaged at moderate PA [3-6 metabolic equivalents (METs)] was calculated based upon a blanket cut-off of 2,000 counts per minute (cpm)-approximately equivalent to the intensity of a brisk walk (4.5 km/h). Periods of vigorous PA (Ͼ6 METs) were based upon a blanket cut-off of 4,000 cpm. In addition, the time spent in at least moderate intensity level activity (Ͼ3 METs) was calculated as the total time spent in moderate and vigorous physical activity (MVPA, min/d). Each minute spent above the specifi c cut-off was summarised in the corresponding intensity level group.
Cardiovascular fi tness. CVF was assessed by the 20-m shuttle run test. Adolescents were instructed to run in a straight line and to pace themselves according to the audio signals emitted from a pre-recorded cassette tape. The initial speed was 8.5 km/h, which was increased by 0.5 km/h per minute (1 min equal to one stage). The tape used was calibrated over 1 min. The test was fi nished when the participant either failed to reach the end lines concurrent with the audio signals on two consecutive occasions or stopped because of fatigue. CVF was recorded as the number of stages completed (precision of 0.5 steps). In addition, to facilitate comparison with previous studies maximal oxygen consumption (VO2max, mL O2/kg/min) was estimated using the Léger equation (28) .
Body composition measurements. The anthropometric methods used within the HELENA-CSS were described by Nagy et al. (29) . Briefl y, body weight was measured in kg using a standard beam balance (Type SECA 861, UK, precision 100 g, range 0-150 kg). Height was measured in cm using a precision stadiometer (Type SECA 225, precision 0.2 cm, range 70-200 cm). Body mass index was calculated with the equation weight in kg divided by height in m squared (kg/m 2 ). Skinfold thickness (triceps, biceps, subscapular, suprailiac, thigh, and calf) was repeatedly measured on the left side of the body using a Holtain caliper (Crymych, UK, range 0-40 mm) and the mean calculated. Only adolescents providing data for the sum of six skinfolds (hereafter referred to as 'skinfold thickness') were included for the analyses. Percent body fat was calculated with the use of the following equation reported by Slaughter et al.: fat (%)ϭ0.61 ϫ (triceps skinfold in mm ϩ calf skinfold in mm) ϩ 5.1 for females and fat (%)ϭ0.735 ϫ (triceps skinfold in mm ϩ calf skinfold in mm) ϩ 1 for males (30) .
Evaluation and statistics analysis. Regarding the point mutation in the MTHFR gene at nucleotide position 677, adolescents were identifi ed as carriers of the homozygous for the wild-type allele (CC), heterozygous (CT), and homozygous for the variant allele genotype. Further, adolescents were classifi ed into supplement users and non-supplement users (questionnaires). Smoking behaviour was categorised into daily smoking, smoking at least once a week but not every day, smoking less than once a week, and non-smokers. The number of cigarettes per day was not considered.
All data analyses were performed by using the Statistical Package for Social Sciences (SPSS) version 19.0 for Windows (SPSS Inc., Chicago, IL). A weighting factor was introduced in order to adjust the theoretical sampling to the observed sample in function of age and gender. Descriptive statistics are shown as meanϮstandard deviation (SD) unless otherwise stated. p-values Ͻ0.05 were considered as statistically signifi cant. Blood tHcy, folate, and cobalamin concentrations, levels of CVF (stages and VO2max), and BMI were normalised by natural logarithm transformation. To test gender-specifi c differences as well as subgroups with MVPA Ͻ60 min/d and Ն60 min/d, Student's t-test was used for metric variables and the ⌾ 2 -test for categorical variables. A bivariate correlation analysis was performed to examine the associations among tHcy and PA (cpm and MVPA), CVF (stages and VO2max), and fatness (BMI, skinfold thickness, and body fat percentage) by gender. Separate multiple regressions were performed by gender to study the relation among tHcy and PA, fi tness and fatness after controlling for potential confounders: age, maturity, folate, cobalamin, creatinine, smoking, supplement use, and MTHFR 677C/T. Table 3 shows the gender-specifi c relationship among tHcy and PA, fi tness, and fatness after controlling for age, maturity, folate, cobalamin, and creatinine concentrations, smoking, supplement use, and MTHFR 677C/T polymorphism. In females, tHcy was positively Table 4 summarizes results of available studies examining the association of physical activity, cardiovascular fi tness, and fatness with homocysteine.
RESULTS

DISCUSSION
Despite the numerous scientifi c studies performed in recent years in relation to tHcy and its association with various health indicator outcomes such as PA and CVF, comparable data in the general European adolescent population are scarce. To the best of the authors' knowledge, this is the fi rst study aiming to examine these associations in a large number of individuals of ten different European cities.
The main fi nding in this study is that after controlling for several potential confounders well established in the literature (age, maturity, folate, cobalamin, creatinine, smoking, supplement use and MTHFR 677C/T genotype) (12) (13) (14) , tHcy levels were signifi cantly infl uenced by moderate and vigorous PA in female European adolescents. In male European adolescents tHcy levels were not infl uenced by the studied modifi able factors. Although the associations found are not very strong, these results could help further studies. More studies are needed analysing more deeply the relationship among tHcy, PA and BMI, to be able to establish the clinical relevance. Likewise, it was observed that tHcy levels, PA and CVF in males were signifi cantly higher than in females, while females showed higher cobalamin values than males (pϽ0.05).
The association between PA and tHcy has been shown in a few studies; most of them were carried out on adults and with equivocal results (31) . Duration, intensity, and mode of exercise appear to impact blood tHcy levels differently (4), and may depend on individual fi tness levels and MTHFR gene (4) . In a recent study with active male subjects (mean age 23.5 y) tHcy levels signifi cantly increased after both maximal and submaximal acute intensity exercise (32) . Regarding children and adolescents, the Swedish part of the EYHS study (children: 9-10 y (nϭ301) and adolescents: 15-16 y (nϭ379)) was the fi rst to examine the association between tHcy and PA (22) . No signifi cant results were found (pϭ0. 30) for the total sample after adjustment for gender, pubertal development, socioeconomic status, folate intake, cobalamin intake, and MTHFR 677C/T genotype, but the results were not split by gender. As our results showed signifi cant tHcy differences by gender, data were analysed separately. A signifi cant positive association between tHcy concentrations and MVPA was found in female adolescents (pϽ0.05, Table 3 ), but not in males. These data suggest that tHcy levels could be higher in very active female adolescents.
Fitness is an important marker for several health outcomes in young people like obesity, cardiovascular risk, and skeletal and psychological health (33) . CVF is defi ned as the ability of active skeletal muscle to utilise oxygen during exercise. Changes in tissues and systemic vasculature may deteriorate the physiological capacity and subsequently may also negatively affect CVF. To some extent, elevated tHcy concentrations may contribute to these pathological changes by the generation of reactive oxygen species and impairment of nitric oxide production and bioavailability (3). Regarding adolescents, in previous studies, CVF was signifi cantly and inversely associated with tHcy concentrations in Spanish female adolescents from the AVENA Study (nϭ80 females, aged 14.6Ϯ1.4 y) (21) . Similar results were obtained in our study with a larger sample of European female adolescents (nϭ394), confi rming that CVF is a way of not stimulating tHcy metabolism in female adolescents. In contrast, results from the EYHS did not indicate a signifi cant association between tHcy and fi tness in children or adolescents (22) . The difference between results from the AVENA as well as our study and the Swedish part of the EYHS might be due to the smaller sample size located only in one country. Additionally, it must be considered that healthy children and adolescents usually do not show cardiovascular pathologies.
To encourage an active lifestyle, the World Health Organisation and other international and national public health organisations propose that school-aged children should perform at least 60 min of moderate to vigorous intensity PA each day to ensure a healthy development (16, 34) . Male adolescents participating in the HELENA-CSS achieved these recommendations with Table 3 . Standardised multiple regression coeffi cients (␤), standard error (SE), and semipartial correlation (sr) examining the association of physical activity, cardiovascular fi tness, and fatness with homocysteine after controlling for age, maturity, folate, cobalamin, and creatinine concentrations, smoking, supplement use, and MTHFR 677C/T polymorphism. Table 4 . Osganian et al. (35) found a positive association between tHcy concentrations and BMI in 3,524 adolescents aged 13-14 y, but after adjustment for potential confounders, particularly blood vitamin concentrations, which had the strongest effect, the association was no longer signifi cant. These fi ndings emphasize the importance of adjusting for B-vitamin status when examining associations between tHcy and other parameters. We found a positive association between tHcy and BMI only in females (pϭ0.045), but adjusting for B-vitamin status and MTHFR 677C/T genotype. However, we did not fi nd any association between tHcy concentrations and fatness (expressed as skinfold thickness and% body fat). These results are in accordance with fi ndings reported by several European cross-sectional studies including the EYHS (22) , the British National Diet and Nutrition Survey (nϭ922, 4-18 y) (36), a Belgian (nϭ647, 5-19 y) (37), a Spanish (nϭ165, 13-18.5 y) (38) and a Greek study (nϭ524, 6-15 y) (39) , as well as a Brazilian case control study (nϭ239, 5-19 y) (40) . The cross-sectional design of the HELENA study does not allow the drawing of causal conclusions. Some prospective longitudinal studies on the development of cardiovascular risk factors from adolescence to adulthood have been implemented; however, to date most of these studies omitted the relatively new risk factor homocysteine.
Strengths of the present study are the inclusion of a relatively large number of adolescents and several potential confounders including the MTHFR 677C/T genotype. PA was objectively measured with accelerometers as well as CVF being objectively measured by the 20-m shuttle run test, and therewith VO 2max was estimated for a better comparability with other studies. The indirect measurement of VO2max is feasible within epidemiologic studies: it is not only practical, time-efficient, and low in cost and equipment requirements, but can also be performed on large numbers of adolescents simultaneously (41) . In addition to BMI, body composition was measured by skinfold thickness which is suggested to be a better predictor of body fatness in later life than BMI (42) .
In conclusion, the results of the present study suggest that tHcy concentrations decrease with increasing CVF and increase with increasing BMI in European female adolescents. Additionally, tHcy concentrations were positively associated with moderate and vigorous PA in female European adolescents. However, these associations are weak and probably not relevant in clinical practice. Likewise, variation in tHcy concentrations could not be explained by PA expressed in cpm, CVF, or parameters of fatness in males. All in all, our results confi rm the equivocal relationship between tHcy concentrations and exercise, which must be further studied.
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